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Objectives: In the Ross procedure, 3 different techniques are used for aortic
valve replacement with the pulmonary autograft: freestanding root, inclu-
sion, and subcoronary implantation. The objective of this study was to eval-
uate echocardiographically the influence of the particular operative tech-
nique on dimension, distensibility, and valve function.
Methods: Between February 1990 and August 1998, the Ross procedure was
performed in 111 patients (mean age, 48.6 ± 14.1 years; range, 15.2-70.6
years), with 1 early and 1 late death, 1 autograft replacement, and 1 patient
lost to follow-up. The remaining patients underwent the freestanding root
(n = 9 patients), inclusion (n = 14 patients), and subcoronary techniques (n =
84 patients). Echocardiography was performed at a mean follow-up of 26 ±
21.3 months after operation and was compared with the echocardiographic
findings of the control subjects (n = 10 subjects). Root sizes were measured
at the level of the anulus, sinus, and supra-aortic ridge; the distensibility was
calculated as pressure strain elastic modulus and percent change of radius.
Results: Size and distensibility of the aortic root were normal, except for a
larger diameter at the sinus level in the root technique in comparison to the
subcoronary technique (P < .05; maximum diameter, 41.3 ± 8.6 mm vs 32.6
± 4.0 mm). Aortic valve function was comparable among groups with low
pressure gradients and most patients with no or trace aortic insufficiency.
Conclusions: The freestanding root, inclusion, and subcoronary techniques in
the Ross procedure provide comparable excellent hemodynamics, normal
root size, and distensibility, except for the enlarged sinus diameter in the
freestanding root. These results may have some impact on the operative pro-
cedure and follow-up investigations. (J Thorac Cardiovasc Surg
2000;119:990-7)
990
mark reports on the excellent results after the Ross pro-
cedure,4,5 increasing numbers of surgeons have used
this technique for the surgical treatment of the diseased
aortic valve. The original subcoronary implantation
technique, which may involve the risk of valve failure
because of technical malpositioning6 and size mis-
match, was abandoned in favor of the inclusion method7
and the freestanding root technique8 to preserve the
anatomical unit of the root, warranting optimal hemo-
dynamics. Freestanding root is now the preferred oper-
ative technique. Potential problems of this method
relate to the impact of sudden exposure of the pul-
monary root to systemic pressure. The resulting over-
stress to the valve structures may cause geometric,
functional, and histologic changes of the tissue, thereby
interfering with the elastic properties of the root. These
characteristics possibly have important implications on
valve function, on stress distribution of the leaflets, and,
presumably, on the fate of the autograft, and they have
T he first studies on autografts as a substitute for theaortic valve date back to 1960 and 1964, when
Lower and colleagues1 and Pillsbury and Shumway2 in
animal experiments transferred the autologous pul-
monary valve into the ascending aorta or aortic root. In
1967, Ross3 reported the first successful clinical use of
the autograft for aortic valve replacement. After land-
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not been studied before. Therefore, the purpose of this
study was to evaluate echocardiographically the influ-
ence of the particular implantation technique of the
autograft on size, distensibility, and valve function.
Methods
Patients. Between February 1990 and August 1998, 111
patients with aortic valve disease underwent 3 different tech-
niques of aortic valve replacement with pulmonary auto-
grafts. Initially, the freestanding root technique was per-
formed (group A, 9 patients) followed by the inclusion (group
B, 14 patients), and the subcoronary technique (group C, 84
patients). The mean follow-up period of all patients was 26 ±
21.3 months (range, 0.1-99.1 months).
One patient died in the perioperative period 10 days after
operation (hospital mortality, <1%). One patient died of
esophageal bleeding 18 months after the operation. For
another patient, a reoperation was necessary because of a sub-
valvular aneurysm 6 years after freestanding root replace-
ment. One patient was lost to follow-up.
The control group (group D) consisted of 10 individuals in
whom (by medical history, standard clinical examination, and
transthoracic echocardiography) no abnormalities of the aortic
valve (except for 1 patient with a mild aortic regurgitation),
aortic root, or left ventricle function were observed. Patient
characteristics and operative data are shown in Table I.
Exclusion criteria for the Ross procedure were severe cal-
cification of the aortic root, reduced ejection fraction lower
than 40%, more than 2-vessel coronary artery disease, and
anatomical or structural defects of the pulmonary valve.
Operative techniques. Standard cardiopulmonary bypass
with a membrane oxygenator (Hollow Fiber Oxygenator; Spiral
Gold, Baxter, Puerto Rico) at moderate hypothermia (26°C
temperature nasopharyngeal) with cold crystalloid cardioplegia
(St Thomas’ Hospital solution) for myocardial protection was
used. The operative techniques are described in detail else-
where.9 Briefly, in group A the proximal suture line was per-
formed with 3-0 polypropylene continuous sutures, and the dis-
tal suture line was performed 3 to 6 millimeters apart from the
supra-aortic ridge with 4-0 polypropylene continuously. In
groups B and C, the proximal suture line was performed with
single 4-0 Prolene sutures (Ethicon, Inc, Somerville, NJ). In
group C, the noncoronary sinus was left intact. Reduction annu-
loplasties were performed whenever necessary to neutralize for
size mismatch between autograft and aortic valve ring.
Echocardiographic data acquisition and measure-
ments. Informed written consent was obtained before
echocardiography. The investigative procedures were in
accordance with institutional guidelines. All patients were
evaluated clinically in regular intervals at our hospital.
Transthoracic echocardiograms were made with 2.5 MHz
ultrasound transducers (Hewlett-Packard Sonos 2500 sys-
tem; Andover, Mass) during routine follow-up investigation
and recorded on VHS videotape. A modified echocardio-
gram lead I was continuously recorded. Blood pressure was
measured by cuff sphygmomanometry (Dinamap; Siemens,
Erlangen, Germany).
Table I.  Preoperative clinical and operative data
Group
A B C D
(freestanding root) (inclusion) (subcoronary) (control) P value
Patients (n) 9 14 84 10
Sex (M/F) 9/0 10/4 64/20 6/4 >.2
Age at operation (y) 42.5 ± 16.0 (35.2) 51.4 ± 12.6 (56.7) 49.2 ± 14.0 (52.8) — >.2
Age at examination (y) 49.1 ± 16.5 (39.1) 54.2 ± 12.7 (59.1) 50.8 ± 14.2 (54.8) 41.7 ± 16.1 (38.0) >.2
Follow-up (mo) 79.3 ± 17.8 (83.0) 33.4 ± 5.1 (33.7) 19.1 ± 13.3 (19.2) — <.001 
(*A > B, C; *B > C)
AI (no/yes; %) 6/3 (33.3) 10/4 (28.6) 62/22 (26.2) — >.2
AS (no/yes; %) 8/1 (11.1) 13/1 (7.1) 70/14 (16.7) — >.2
AI+AS (no/yes; %) 4/5 (55.6) 5/9 (64.3) 36/48 (57.1) — >.2
AV-PG (mm Hg) 68 ± 32 (81.5) 105 ± 17 (105) 70 ± 29 (70.0) — .001 
(*B > A, C)
BAV (no/yes) 9/0 9/5 46/32 10/0 .053
BSA (m2) 2.0 ± 0.2 (1.9) 1.9 ± 0.1 (1.9) 2.1 ± 1.6 (2.0) 2.0 ± 0.2 (1.9) >.2
NYHA (median) 2.0 2.5 2.5 — >.2
EF (%) 67.0 ± 8.4 (68) 63.0 ± 12.2 (62) 69.0 ± 9.6 (70) — .18
Bypass time (min; 154.0 ± 30.9(150) 203.0 ± 21.6(200) 209.0 ± 28.5(204) — <.001
mean ± SD; median) (*A < B, C) 
Ischemic time (min; 105.0 ± 21.1 (105) 151.0 ± 16.4 (146) 152.0 ± 23.2 (150) — <.001 
mean ± SD; median) (*A < B, C)
AI, Aortic valve insufficiency; AS, aortic valve stenosis; AI+AS, combined aortic valve disease; AV-PG, instantaneous pressure gradient across the aortic valve; BAV,
bicuspid aortic valve; BSA, body surface area; NYHA, New York Heart Association classification; EF, ejection fraction of left ventricle (levocardiogram).
*P < .05, other possible pair comparisons were nonsignificant.
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Root dimensions were determined by 2 independent
observers from video-recorded studies. The average value of
5 consecutive beats was taken. To evaluate the reproducibili-
ty of echocardiographically determined aortic root diameters
at base, sinus, and supra-aortic ridge level the video-recorded
studies of 5 patients were measured twice within a period of
4 weeks. The range of variation of the measured diameters
was 0% to 5.6%.
Two-dimensional echocardiography.  The morphologic
condition of the aortic cusps was examined in standard longi-
tudinal and cross-sectional views. Autograft diameters were
measured at 3 different levels: the anulus at the level of the
autograft leaflet hinges, the sinus of Valsalva at the largest
anteroposterior diameter, and the supra-aortic ridge level at
the distal rim of the sinuses of Valsalva, as described by
Roman and colleagues10 (Fig 1).
Measurements of diameters were made perpendicular to
the long axis of the aorta in views that showed the largest and
smallest dimensions during cardiac cycles. Left ventricular
end-systolic and end-diastolic volumes were obtained from
standard apical views.
Continuous-wave, pulsed, and color flow Doppler imag-
ing. Maximum velocities across the aortic valve were
obtained by continuous-wave Doppler imaging transducer. To
obtain the highest velocity across the aortic valve, the 1.9-
MHz nonimaging transducer was used.
To assess aortic regurgitation, pulsed wave Doppler and color
flow Doppler imaging were used for mapping the left ventricu-
lar outflow tract, and continuous spectral Doppler imaging was
applied to measure the deceleration slope and pressure half-
time of the aortic regurgitant jet. Trace aortic valve insufficien-
cy was defined as a very small regurgitant jet in early diastole
of a maximum of 2 mm  in length and width and grouped to aor-
tic valve insufficiency grade 0. Grade I regurgitant jets (mild
aortic insufficiency) were present only in the left ventricular
outflow tract immediately below the valve, although grades II
and III (moderate aortic insufficiency) extend to the tips of the
mitral leaflets and papillary muscles, respectively.11
Calculations. The following formulas were used to calcu-
late (1) the peak systolic pressure gradient across the aortic
valve (∆P; modified Bernoulli equation)
∆P [mm Hg] = 4 × v2 [m/s]
where v is the peak systolic velocity across the aortic valve;
(2) the percent change in radius (PCR; according to
Jarmakani12)
PCR [%] = (∆R [mm] × 100)/R [mm]
where ∆R is the difference between the largest and small-
est diameter and R is the average diameter; and (3) the pres-
sure strain elastic modulus (PSEM; according to
Jarmakani12)
PSEM [g/cm2]= (∆P [mm Hg] × R [mm])/∆R [mm]
where ∆P is the difference between maximal systolic and
minimal diastolic blood pressure and R is the average
diameter.
Statistical analysis. Categoric data are given as total num-
bers and relative frequencies; continuous data are given as
mean ± SD, except where otherwise stated. Because of mul-
tiple violations of conditions of parametric tests (normal dis-
tribution, homogeneity of variances) different groups were
compared for each variable with the use of the Kruskal-
Wallis H test. If significantly different at a level of probabili-
ty that is less than .05 pairwise, post hoc comparison was
achieved by means of the Mann-Whitney U test with the
application of Bonferroni’s method for multiple pairwise
Fig 1. Transthoracic echocardiographic picture of the aortic root with indication of the level of diameter measurements.
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tests. Statistical analyses were done without alpha adjust-
ments, and therefore results are considered mainly explorato-
ry.13 All tests were 2-sided. Statistics were performed using
statistical software (SPSS for Windows 8.0; SPSS, Inc,
Chicago, Ill).
Results
Hemodynamics and valve function. At postopera-
tive examination heart rate, stroke volume, cardiac out-
put, ejection fraction, blood pressure, and transvalvular
aortic pressure gradients were comparable in groups A,
B, C, and D (Table II). One hundred percent of patients
in group A, 93% of patients in group B, and 98% of
patients in group C had no or mild aortic valve regurgi-
tation (Table II). None of the patients had more than
grade II aortic regurgitation. In group D (control sub-
jects), no aortic valve dysfunction was observed, except
1 case of mild aortic valve regurgitation.
Aortic root size.  Aortic root diameters at anulus and
supra-aortic ridge level were comparable between the
groups (Table III). At sinus level, compared with the sub-
coronary group, there was a significantly increased
diameter in the patients with a freestanding root (Fig 2).
In 6 of 8 patients with a freestanding root, there was no
dilatation at sinus level above the normal range (mean ±
2SD). However, diameters of more than 49 mm were
measured in 2 patients. The range for the maximum
diameter at this level was 29.1 to 55.3 mm (Fig 3). There
was no correlation of sinus diameter and time interval
between operation and restudy in group A (Fig 4).
Aortic root distensibility. The cyclic change in
radius and pressure strain elastic modulus as parame-
ters of distensibility of the aortic root are listed in Table
III. No significant differences of distensibility were
found at any level among groups.
Discussion
Recent reports indicate that the Ross procedure
yields excellent results in most patients.4,5 Long-term
survival statistics are good, with hemodynamic superi-
ority as compared with any other replacement device,
be it mechanical or bioprosthetic. In a larger series,
Chambers and colleagues14 showed an 85% survival
rate at 10 years and a 61% survival rate after 20 years.
Freedom from autograft replacement was 88% and
75%, respectively, and freedom from the replacement
of the pulmonary homograft was 89% and 80%,
respectively. In almost all these patients, the subcoro-
nary technique was used. In 1989, Stelzer and col-
leagues4 introduced the freestanding root technique as
the routine procedure of the Ross operation. The
advantage of this technique includes the preservation of
root anatomy, minimizing the risk of malfunctioning
because of surgical manipulation. However, a potential
problem relates to the dimensional behavior of the
neoaortic root that is subjected to systemic pressure.
Sievers and colleagues15 did not observe progressive
dilatation of the freestanding aortic root at the supra-
aortic ridge level 21 months after the operation. In
longer term follow-up studies, there was, however,
some kind of dilatation of the freestanding root, espe-
cially in patients with bicuspid valves.16 In our series
we measured a significantly increased diameter at the
sinus level in the freestanding root compared with the
subcoronary technique only, now more than 70 months
Table II. NYHA, heart rate, cardiac output, blood pressure, and valve function
Group
A B C D
(freestanding root) (inclusion) (subcoronary) (control subjects) P value
Patients (n) 9 14 84 10
NYHA (median) 1 1 1 — >.2
SBP (mm Hg; mean ± SD; median) 134.0 ± 24.8 (138) 141.0 ± 18.5 (140) 136.0 ± 20.2 (133) 128 ± 16 (125) >.2
DBP (mm Hg; mean ± SD; median) 74 ± 12 (75) 83 ± 10 (80) 81.0 ± 13.4 (82) 80.0 ± 8.2 (80) >.2
Heart rate (beats/min; mean ± SD; median) 75.0 ± 14.6 (71) 66.0 ± 9.8 (65) 72.0 ± 14.7 (70) 71.0 ± 12.6 (86) >.2
Stroke volume (mL; mean ± SD; median) 76.0 ± 25.2 (67) 69.0 ± 22.7 (66) 72.0 ± 27.4 (67) 71.0 ± 17.4 (70) >.2
Cardiac output (L/min; mean ± SD; median) 7.1 ± 2.1 (7.2) 6.5 ± 1.9 (6.5) 6.4 ± 1.9 (6.3) 6.1 ± 2.2 (5.7) >.2
LVEF (%; mean ± SD; median) 58.0 ± 12.7 (58) 56.0 ± 13.2 (62) 54.0 ± 11.8 (61) 66 ± 7 (59) >.2
Fractional shortening (%; mean ± SD; median) 32.0 ± 9.3 (30) 34.0 ± 10.1 (35) 31.5 ± 8.5 (32) 36.0 ± 5.7 (36) >.2
AV-PG (mm Hg; mean ± SD; median) 5.2 ± 2.8 (4.7) 5.9 ± 1.9 (5.6) 6.4 ± 3.0 (6.1) 5.1 ± 1.7 (5.1) .19
AR grade (n; %) 0 6 (66.7) 10 (71.4) 55 (65.5) 9 (90.0) >.2
I 3 (33.3) 3 (21.4) 27 (32.4) 1 (10.0)
II 0 1 (7.2) 2 (2.4) 0
NYHA, New York Heart Association classification; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEF, left ventricular ejection fraction; AV-PG,
instantaneous pressure gradient across the aortic valve; AR, aortic valve regurgitation.
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after the operation. However, there was a wide varia-
tion in diameters, with only 2 patients above the normal
limits (Fig 4). At supra-aortic ridge and anulus level,
the diameters were not significantly enlarged. This dif-
ference in the location of root dilatation may be
explained by the fact that at supra-aortic ridge level, a
possible enlargement is restricted by the suture line and
the ascending aorta and at anulus level by the reinforc-
ing effect of the aortic valve anulus. Only at the sinus
level is there no constraining external tissue as dilata-
tion inhibitor. It remains unclear whether, in our 2
patients, the dilatation with a diameter around 50 mm
was promoted by tissue disorders, as suggested by
David and colleagues,16 or by the thickness and struc-
tural composition (collagenous and elastic fibers) of
the wall of the pulmonary artery at the time of the oper-
ation. On the other hand, the operative technique (ie,
excision of fat and fascia) may have some influence on
the process of dilatation.9
An important issue for the determination of the role
of the freestanding root technique in the Ross proce-
dure is the behavior of the diameter over time. Because
of the small number of patients with a freestanding
root, the lack of serial echocardiographic-determined
diameters at this special level, and the fact that 8 of 9
patients of the freestanding root group underwent oper-
ation in a close time frame between 1990 and 1993, the
influence of the time interval between operation and
restudy cannot be judged sufficiently. Nevertheless, a
diameter over 50 mm at sinus level in patients without
the Ross procedure is considered aneurysmatic.
Whether the same criteria hold true for the freestanding
autograft remains to be established by close follow-up
studies.
In the patient with the largest diameter at sinus level
(55 mm), there was a mild aortic insufficiency that was
constant over the years, which indicates that the width
of the root at sinus level probably does not influence
valve competence. This is supported by the findings of
Elkins17 who reported of root dilatation in children
without development of aortic regurgitation. In contrast
David and colleagues16 pointed out that, in adults, the
dilatation of the whole root has the potential to develop
aortic regurgitation.
We did not find enlarged dimensions after the inclu-
sion and subcoronary techniques, which indicated the
dilatation protecting effect of the patients’ own root tis-
sue. Other methods for reinforcing the freestanding
autograft such as an absorbable mesh18 or glutaralde-
hyde-fixed bovine pericardium19 have been reported.
Regarding aortic regurgitation, we found a slightly
increased incidence of mild aortic regurgitation in the
subcoronary group (32%) when compared with the
inclusion technique that also preserves the anatomical
integrity of the pulmonary autograft similar to the free-
standing root. David and colleagues16 reported a very
low incidence of mild aortic regurgitation after the
freestanding root technique, which supports the con-
cept of preserving the normal anatomy. To decrease the
incidence of regurgitation after the subcoronary tech-
Table III. Aortic root sizes and distensibility
Group
A B C D
(freestanding root) (inclusion) (subcoronary) (control subjects) P value
Patients (n) 8 14 84 10
Dimensions (mm; mean ± SD; median)
ANN min 24.4 ± 3.9 (23.3) 23.2 ± 2.6 (23.4) 22.2 ± 3.1 (22.0) 21.4 ± 2.2 (21.9) >.2
Anulus max 27.4 ± 4.7 (28.9) 25.1 ± 3.1 (25.0) 24.1 ± 3.2 (23.5) 23.7 ± 1.9 (23.8) >.2
Sinus min 39.0 ± 8.3 (38.1) 30.5 ± 4.2 (29.4) 30.4 ± 3.9 (30.4) 30.3 ± 4.0 (30.5) .03 (*A > C)
Sinus max 41.3 ± 8.6 (39.8) 32.8 ± 4.7 (31.8) 32.6 ± 4.0 (33.1) 32.2 ± 4.2 (32.7) .03 (*A > C)
Supra-aortic ridge min 32.1 ± 8.2 (30.2) 27.6 ± 4.1 (26.1) 26.5 ± 3.3 (26.7) 25.1 ± 2.4 (25.4) .17
Supra-aortic ridge max 34.7 ± 8.6 (33.2) 30.0 ± 4.5 (28.4) 28.5 ± 3.5 (28.4) 26.8 ± 2.8 (27.9) .13
Percent change in radius (%; mean ± SD; median)
Anulus 11.5 ± 5.8 (10.2) 7.6 ± 3.1 (6.7) 8.4 ± 3.2 (8.1) 10.4 ± 3.9 (10.0) .13
Sinus 5.8 ± 1.8 (6.0) 7.3 ± 1.8 (6.6) 7.0 ± 2.4 (6.8) 6.1 ± 1.5 (6.3) >.2
Supra-aortic ridge 7.7 ± 1.2 (7.7) 8.3 ± 2.1 (8.3) 7.4 ± 2.9 (7.2) 6.5 ± 3.0 (6.9) >.2
Pressure strain elastic modulus (g/cm2; mean ± SD; [median])
Anulus 680 ± 561 (520) 898 ± 644 (744) 728 ± 344 (657) 542 ± 283 (513) .10
Sinus 1106 ± 415 (920) 798 ± 210 (775) 865 ± 365 (802) 833 ± 261 (903) >.2
Supra-aortic ridge 837 ± 385 (623) 664 ± 175 (715) 879 ± 694 (763) 925 ± 523 (766) >.2
Note: re: Percent change in radius and pressure strain elastic modulus: there were no significant differences between groups and control subjects.
min, Minimum dimension; max, maximum dimension.
*P < .05, other possible pair comparisons were nonsignificant. 
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nique, more exact matching of the autograft and the
aortic root is probably necessary, as reported by Joyce
and colleagues.20 Following more stringent rules for
matching the dimensions at the sinotubular junction of
the native aortic and the pulmonary root, we reduced
the incidence of grade I aortic valve regurgitation to
20% in the last 20 patients.
An important factor of the sophisticated dynamics of
the aortic valve relates to the distensibility of the aortic
root. Thubrikar and colleagues21,22 and Sievers and col-
leagues23 observed that the semilunar valve–opening
mechanism occurs in concert with root expansion dur-
ing the beginning of systole. This interrelation between
supra-aortic ridge displacement and leaflet motion
greatly determines the stress on the leaflets.24,25 We
found no significant differences in the distensibility
parameters at the supra-aortic ridge level between the
operative techniques and control subjects. These nor-
mal values of distensibility probably decrease leaflet
stresses24,25 and thus serve to contribute to the durabil-
Fig 2. Diagram of maximum aortic root dimensions of the different anatomical levels. Note the significantly
increased diameter of the freestanding root technique at sinus level. (A) Group A, freestanding root technique, (B)
group B, inclusion technique, (C) group C, subcoronary technique, and (D) group D, control subjects.
Fig 3. Echocardiographic appearance of the longitudinal view of the aortic root shows the increased sinus diameter of a
patient with a freestanding root.
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ity of valve function. In addition these data also provide
some evidence that the inclusion technique does not
lead to increased stiffness by the double wall as sug-
gested by Ross.9 Theoretically, the sudden increase of
systemic pressure on the pulmonary autograft should
have some influence on aortic root distensibility, espe-
cially in the freestanding root. However, we did not
find a significantly reduced distensibility in this group,
although the pressure strain elastic modulus at sinus
level in group A was slightly increased, indicating a
somewhat reduced distensibility at this level only.
Whether this is related to the disintegration of elastic
fibers remains to be evaluated by histologic examina-
tions. Sievers and colleagues26 demonstrated in chil-
dren with 2-stage anatomical correction that elastic
fibers were damaged by acute pressure increase in the
pulmonary root after banding.
Limitations of the study
This study has several limitations. First, it could be
argued that the resolution of the ultrasound technique
is not sufficient to define accurate instantaneous
movements of the aortic root. The ultrasound tech-
nique used in this study operates at a 900-Hz sam-
pling frequency and provides an interval between 2
consecutive signals of 1.1 ms, which we believe to be
adequate to define aortic root dimensions. In addition
the technique that we used provided reproducible
results with a range of variation of repetitive mea-
sured diameters up to 5.6%. This could have some
impact on the distensibility data. Probably more dis-
criminative methods for diameter determination will
serve to further investigate the behavior of the cyclic
changes of the aortic root.
Second, another limitation relates to the significantly
longer period of follow-up in group A (freestanding
root technique), which may have some influence on the
time course of aortic root dilatation. It is, however,
unlikely that significant dilatation occurs in patients
with subcoronary and inclusion techniques because
their native aortic root is preserved.
Third, serial echocardiograms would be helpful to
evaluate the impact of time on root size and valve func-
tion, which has not been performed in this study.
Finally, this study was not randomized. However,
only 1 operative technique was performed at 1 time
interval each. Thus, a bias of assigning patients to a
special technique is reduced.
In conclusion, this study provides some evidence that
all 3 techniques of the Ross procedure (the freestanding
root, the inclusion, and the subcoronary techniques)
provide excellent hemodynamics in most patients and
that the freestanding root in the Ross procedure may
include the potential problem of enlarged diameters,
especially at the sinus level, in contrast to the inclusion
and subcoronary techniques, without interfering with
valve function. The elastic modulus was comparable
between the 3 operative techniques, with the double
wall in the inclusion technique having no impact on
distensibility. These findings deserve further evaluation
and probably give some impact on the operative proce-
dure and follow-up investigations.
Fig 4. Diagram of the maximum diameter at sinus level of group A (freestanding root) in relation to the duration of follow-up
compared with control subjects (shaded area; mean ± 2 SD). There was no obvious relation between the parameters.
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